Here we report on a novel optical sensing configuration for Lab-on-a-disc colorimetric analysis applications. The system employs a wireless paired emitter detector diode device (PEDD), which consists of two light emitting diodes (LEDs). One LED, forward biased, serves as the light source whereas the other, in reverse bias mode, serves as the light detector. A simple timer circuit is used to measure the time taken for the photocurrent generated by the emitter LED to discharge the detector LED from 5 V (logic 1) to 1.7 V (logic 0) to give a digital output directly. The light dependent discharging process has been deployed for the measurement of concentrations of colored solutions in a microfluidic platform. The PEDD sensor was validated versus standard optical detection systems showing close correlation and similar limits of detection to UV-VIS spectroscopy.
INTRODUCTION
Over the last decade, increased awareness of long term consequences of water contamination has taken the spotlight of the chemical sensing community, as water quality monitoring plays a crucial role in understanding and managing potential risk. This spurred the development of inexpensive optical sensors capable of wireless communication [1, 2] . Key requirements such as reproducibility, reliability, low power consumption, as well as sensitivity and selectivity are vital for scale-up and mass production of sensing devices which allow for more widespread deployments [3, 4] . Availability of broadly applicable optical components like light emitting diodes (LEDs) or photodiodes opens the potential of sensors to be widely employed in platforms for wireless sensor network systems (WSN).
Commonly, optical system configurations combine LEDs as a light source with a photodetector, such as a charge coupled device (CCD) [5, 6] , a light wave multimeter [6] or a photodiode [7] [8] [9] . However, these systems cannot be incorporated into small devices or be scaled-up within WSN. For reference, the first configuration of optical sensing system using a LED as a light detector was presented by Mims III et. al. [10, 11] . Diamond and co-workers further described the development of PEDD based sensors with regard to configuration and applications [12, 13] .
The PEDD device consists of two light emitting diodes (LEDs), one serving as the light source and the other, in reverse bias mode, as the light detector. Instead of the traditional way of measuring the photocurrent directly, a simple timer circuit is used to measure the time taken for the photocurrent generated by the emitter LED to discharge the detector LED from 5 V (logic 1) to 1.7 V (logic 0). This system allows for the creation of a digital output directly without using an A/D converter or operation amplifier. The method achieves excellent sensitivity and signal-to-noise ratio (SNR) in comparison to the more commonly employed method of coupling a LED to a photodiode. The low cost, small size, low power consumption, increasing spectral range coverage (247-1550 nm), intensity and efficiency, ease of fabrication and simplicity of the PEDD make it an ideal optical detector for colorimetric assays [4] .
The work presented herein describes the first use of wireless paired emitter detector diode (PEDD) as an optical sensor for colorimetric analysis for Lab-on-a-disc applications. While a historical focus has been on environmental water quality analysis, being reported using standard lab chip systems [14] , the use of centrifugal discs (CDs) has several advantages in regards to portability in microfluidic systems for a range of biochemical assays. Principally CD technology allows for the elimination of large power supplies and pumps along with the interconnections required to drive fluids in many traditional chips [15] . In terms of microfluidics, the non-contact PEDD detection scheme aligns perfectly with Lab-on-a-disc systems, which can have difficulties in actively measuring analytes due to the inherent rotating nature of the devices [16] . Thus, the integration of PEDD technology with the CD platform has potential for a wide range of applications outside of purely environmental assays, most prominently in healthcare related assays (demonstrated in this report). In general, by employing centrifugal microfluidic technology, several individual experiments can be automated, allowing for parallel processing and the concept has huge potential for a variety of point-of-care systems.
EXPERIMENTAL Prototype system
The instrument consists of two Surface Mount LEDs (Surface Mount Technology), placed above and below the sensing area of a disc, with supporting electronics (Fig. 1) . One LED acts as the light source while the other
W3P.139
978-1-4577-0156-6/11/$26.00 ©2011 IEEE Transducers'11, Beijing, China, June 5-9, 2011 is reverse biased, acting as a detector. After passingthrough the microfluidic device, the measured light intensity is related to the discharge time due to stray capacitance of the device [17] . Both LEDs are controlled by a microcontroller (Arduino Fio). Portability is achieved using a lithium polymer battery as the power source and includes a charge circuit over USB/XBee socket to record data to a laptop in real time via Bluetooth. To fabricate the multilayer centrifugal disc devices, poly(methyl methacrylate) (PMMA, Radionics, Ireland)) components were laser milled while double-sided, pressure sensitive adhesive (PSA, Adhesives Research, Ireland) was used to attach upper and lower layers [15] . After manufacturing the assembly was laminated together to create the final device. The colorimetric experiments utilized Bromocresol Purple pH dye, Vitamin B 12 and Vitamin B 2 analytical grade (Sigma Aldrich, Dublin, Ireland). All solutions were prepared using deionized water (Milli-Q).
Calibration procedure
Preliminary characterization of the device looked at the light intensity from three different colored dyes (red, blue and black) placed in sequential disc reservoirs (Fig.   2 ). This work was followed by the calibration of the system using three biochemical analytes: vitamin B 2 (Riboflavin), Bromocresol Purple (BCP) pH dye and Vitamin B 12 (Cobalamin). The analytes were chosen for relevance for colorimetric sensing and relevance to potential future applications. Vitamin B2 (Riboflavin) was chosen to investigate the colour efficiency of the system. BCP was chosen because it is a good example of an analyte with chemical relevance as pH sensor dye in several processes. Vitamin B 12 represents an important clinical analyte that ensures the smooth functioning of vital life processes of the human body (e.g. regulation of the formation of red blood cells in the body).
To provide references, concentration ranges of Vitamin B 12 and BCP were measured using UV-Vis spectrometry (UV-Vis-NIR Perkin-Elmer Lambda 900 spectrometer) for control. A series of solutions in the concentration range (1x10 -3 M to 2.5x10 -6 M) for the three analytes was then examined with the PEDD system by placing 10 µL of the solutions in the disc reservoirs of the CD, while the rotor itself was placed on a spin stand with a motor. Spinning the CD allowed for reliable loading of the fluids and for testing under controlled conditions. The light dependence discharge time of detector LED was measured continuously for 30 seconds. Figure 2 shows that the system was able to distinguish between the chambers filled with different dyes during rotation. The resulting graph was the output seen as the disc rotated with the peaks representing the repeated structure in the disc. According to the UV-Vis spectra of vitamin B 12 and Bromocresol Purple pH dye ( Fig. 3 and Fig. 4, respectively) , the linear relationship between absorbance and dye concentration was found to be in the concentration range from 2.5x10 -6 to 5x10 -5 M. It should be noted that higher concentrations were not accurately measured while lower concentrations were not detected. The calibration curves for vitamin B 12 and BCP pH dye are presented in Fig. 5 and Fig. 6 respectively, for both optical systems. Results showed close correlation between the PEDD system and standard UV-Vis spectrometry with similar limits of detection (LOD) (2.5x10 -4 M). However, the PEDD system showed slight improvement with a linear trend over a wider range of concentrations.
RESULTS AND DISCUSSION
The data obtained for vitamin B 2 is shown in Fig. 7 . Although small changes in the light intensity where observed when increasing the concentration of the analyte, the calibration was not successfully achieved. The LED is emitting at a different wavelength (590 nm) than that of the maximum absorbance peak of the vitamin B2 (266 nm) preventing colour variation determination by the detector. 
CONCLUSION
A portable system for lab-on-a-disc colorimetric analysis of sample solutions has been developed. This device incorporates low power detection coupled with wireless communication and power supply into Lab-on-a-disc system. Integration of a wireless communication device allows data acquisition without the need for cables. Similar limits of detection between P the PEDD system and a standard UV-Vis spectrometer imply that the system is highly sensitive thus allowing for detection of low concentrations levels. In general, this shows potential for the PEDD system to be a cheap and versatile alternative optical detector for Lab-on-a-disc applications. Further work on the system would include better packaging in order to improve the detection limit by reducing external light noise and more extensive experimentation with various analytes in point-of-care settings.
